As a refinement of the fluid mosaic model for explaining cell membrane functions, membrane-skeleton fence model and anchored membrane protein picket model have been proposed according to the tracing experiment of a single molecule in plasma membrane. In addition, the experimental observation that the diffusive motion of a transmembrane protein in plasma membrane leads to a normal diffusion through two-step relaxation has suggested that there are two types of nested compartments, large and small. in this paper, we propose a virtual nested twodimensional lattice model that can express a nested compartment structure of plasma membrane using three parameters in order to represent such a single molecule diffusion movement. using this 2D lattice model, various diffusive motion simulations of one particle random walks were performed and their trajectories were analyzed by Detrended fluctuation analysis. As a result, we have confirmed that both plasma membrane models, "fence" and "picket," can be represented by our virtual nested 2D lattice model.
Introduction
the fluid mosaic model [1] has played an important role in explaining the cell membrane function in elucidating the fundamental functions of cells such as intercellular signal transduction, ingestion of nutrients and excretion of metabolites. However, due to the proposal of lipid rafts [2] , a more detailed cell membrane model is required to analyze the function of dynamic organization of proteins and lipids on cell membranes divided into small domains. As an example, Suzuki and co-workers observed the motion track of a single transmembrane protein molecule in the plasma membrane and have proposed the membrane-skeletal fence model and the anchored membrane protein picket model [3] . in the tracking experiment, it is further suggested that two large and small compartments may form a nested double compartment, because the motion trace has reached a normal diffusion through two-step relaxation. However, the existence of such a nested structure is not known. in this paper, we propose a virtual nested two-dimensional lattice model that can express a nested compartment structure of plasma membrane, and perform various diffusion motion simulations of one particle random walks using this lattice model to confirm whether two cell membrane models, "fence" and "picket," can be it is thought that a free diffusing transmembrane protein in a compartment is subjected to an obstacle effect from "fence"
or "picket" afterwards and diffuses again through the two-step relaxation.
in this work, to properly represent such observed features of the tracing experiment, we develop a two-dimensional lattice model shown in Figure 2 . in this lattice model, it is possible to adjust a particle movement by using three parameters: the passage rate of the membrane skeletal fence d, the capture rate of the picket to the membrane skeletal fence p, and the escape rate (1/v) based on the viscosity v in the surrounding area of "fence" and "picket." Here, we perform simulations of the diffusive motion of one particle random walk on this two-dimensional lattice model with an adequate set of three parameters and analyze the trajectories by using Detrended fluctuation analysis (DFA) to confirm that two cell membrane "fence" and "picket" models can be expressed.
Method
DFA is a method for analyzing the fractal properties inherent 
When F(n) is proportional to a power of window size n as in equation (4), the scaling exponent α is as Brownian (≈1.5), 1/f (≈1), and white noises (≈0.5). In terms of a single particle motion in this study, Brownian noise shows a free diffusive motion with the higher diffusion coefficient, 1/f noise is a motion in which the coefficient decreases with fluctuating, and white noise corresponds to a kind of vibrational motion in which the coefficient rapidly drops.
Single particle diffusion simulations have been performed where one particle is located at the center of a two dimensional lattice shown in Figure 1 under the two-dimensional periodic boundary condition as a beginning state of random walk.
Once the particle contacts a fence, the fence passing of the next step is decided by comparing a random number and d
value. Skeletal fences of the 2D lattice are randomly replaced Figure 1 . two-dimensional lattice model. ■: obstacle by membrane skeleton, ♦ : obstacle by picket, □: viscous area around the picket, and ○: random walk particle.
to pickets in frequency of p value. When the particle reaches the surrounding area of a picket, in the next step, it can escape from the trap area with probability of 1/v value. in general, the step size of random walk is always set to 1, but in this work, zero particle movement by step size 0 is allowed. the number of random walk steps is set to one million.
According to the tracking experiment [3] , indicates that movement due to viscosity is not restricted. larger and the minimum is shifted to the larger n value side simultaneously. At this time, it is considered that the particle has repeatedly tries to pass through the fence between 100-1000 steps. Figure 2b shows the DFA result of changing p value with lower viscosity, corresponding to the "picket" model. As the p value is increased, a transient decrease of the α value is temporarily observed, but it is understood that the particle is almost in a normal diffusion state. On the other hand, if the v value is high as shown in Figure 2c , a transient decrease of the α value remarkably appears between 1000-10000 steps. this phenomenon, in which the diffusion motion of the particle decreases as the viscosity increases, corresponds to virtually expanding the compartment size in our model.
Results and Discussion
in this study, we have proposed a virtual nested twodimensional lattice model using the three parameters and performed single particle random walk simulations on this lattice and their trajectory analyses using DFA. As a result, it has been confirmed that the membrane skeleton fence model and the anchored membrane protein picket model can be expressed by giving appropriate parameters. In order to reproduce the two-step relaxation observed in the tracking experiment [3] , the best set of the three parameters is being optimized now. in parallel with this work, we are also studying various diffusion simulations by using discrete time master equation [5] . the details will be reported elsewhere.
